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(57) Abstract 

In the welding to- 
gether of plastics pipes 
(10, 14), a band (16) of 
electrically conductive 
material locates between 
the pipes at the joint and 
the latter is surrounded 
by a coil (18). A voltage 
is applied across a tuned 
circuit including the coil 
(18) and current is in- 
duced in the band (16) 
to heat the joint to the 
fusion temperature. The 
magnetic permeability 
of the band (16) ahers 
and the effect on the 
tuned circuit results in 
changes in the phase 
angle of the coil voltage 
relative to the applied 
voltage. Comparison of 
the phase angles can 
give an indication of the 
temperature of the band 
( 1 6) and further compar- 
ison with a reference can produce a signal for controlling the applied voltage and thus the temperature of the band (16). 
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Sensing Temoeroture Voriotions in a Mqterial 

This invention relates to a method of and apparatus for sensing 
temperature variations in a materials The invention is particularly , 
but not exclusively used in the joining of plastics pipes whilst 
inductively heating the joint with a conductive/magnetic material 
located ot the region to be heated • 

It is currently the practice in the welding together of plastics 
pipes to heat the joint parts separately and then fuse the parts 
together* Difficulties are however encountered in checking the correct 
location of the joint parts together* 

According to one aspect of the present invention there is prov- 
ided a method of sensing temperature variations in a material, said 
method comprising utilising, means at a location remote from the mater- 
ial to both induce on electric current in the material and sense changes 
in a parameter of the material which occur in accordance with the 
changes in temperature in the material, and processing said changes in 
the parameter so as to determine the temperature of the material. 

Preferably the inducing and sensing means to heat the material 
and comparing said changes in the parameter with a reference so as to pro 
duce a differential signal after comparison for controlling the current 
being induced and thus the temperature of the material. 

Preferably also the changes in the' parameter effect changes 
which can be sensed in voltage developed across the coil. Alternatively 
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the chonges in the porameter effect changes which can be sensed in 

the phase of voltage developed across the coil relative to the phase 

of input voltage to the tuned circuit. ^ 

The parameter in which the changes are sensed may be the nagn- ^; 
etic permeofaility or resistivity of the material. 

According to another aspect of the present invention there is ' 
provided apparatus for sensing temperoture variations in a material, 
soid apparatus comprising means at a location remote from the material 
arranged to both induce an electric current in the moterial and sense 
changes in a parometeV of the material 'which occur in accordance with 
changes in temperature in the material, ond means for processing soid 
changes in the parameter so as to determine the temperature of the 
material. 

Preferably the sensing means comprises a coil in a tuned circuit, 
the quality factor and resonant frequency of which change in accordance 
with chonges in the magnetic permeability and/or resistivity of the 
material. 

An embodiment of the present invention will now be described by 
way of example only with reference to the accompanying drawings in 
which I- 

Fig. 1 is a diagrommatic view of an arrangement for welding a 
pair of plastics 'pipes together, the control of which welding is eff- 
ected by a method and apparatus according to the invention; ? 

Fig. 2 is a circuit diagram of the dpparatos for sensing temp- ^ 
erature variations in a material used in the welding of Fig. 1 inclu- 
ding a voltage phase comparison circuit; 

Fig, 3 shows a comparison cimit; 

Fig, 4. shows a modified comparison circuit; and 

Fig. 5 is a circuit diagrom of a modified apparatus, 
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In various industrial processes it is desirable to sense the 
temperature of a material in a region where it is not possible to mount 
a temperature sensor with electrical connections connected thereto. 
For example, it may be desired to sense the temperoture inside a 
sealed vessel to which access cannot be obtained with conventional 
sensors, or the temperature of an internal, inductively heated comp- 
onent in, a surrounding material where a conventional sensor with 
connecting wires would degrade the integrity of the joint or assembly* 

One particular example is the welding together of plastics 
pipes which may be butt, welded or, as shown in Fig. 1 be connected by 
a spigot and socket arrangements 

Referring to the drawings, a pipe 10 formed of a termoplostic 
materiel has o socket portion 12 arranged .to receive an end portion of 
a further pipe 14 which is to be welded into the socket portion 12 and 
which is also formed of a thermoplostic material^ A band 16 of an 
electrically conductive moterial is located around the end of the pipe 
14 between the latter and the spigot portion 12 of the pipe 10 and a 
coil for inducing on electric current in the band 16 as hereinafter 
described is located around the socket portion 12 co-axiqlly with the 
band 16» 

The coil 18 is located in parallel with a capacitor 20 in a 
tuned circuit, the latter being connected across a voltage generating 
apparatus 22. The letter is arranged to hove a high output impedance by 
having on added output ballast impedance 23. When the circuit is ener- 
gised the coil 18 creates a magnetic field having an operating frequency 
in the ronge from 50 Hz to high radio frequencies, the choice of frequency 
being influenced by the power level required, the generator circuit 
adopted, and the various statutory legislations and regulations relating 
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An induced current is therefore caused to flow in the band 
16, the latter being of such material that the magnetic permeabil- 
ity thereof alters with variation in temperature within the temp- 
erature range to be measured. The band 16 is preferably a nickel 
steel alloy with a Curie point slightly higher than the temperature 
of fusion of the plastics pipes. The change in permeability results 
in the magnetic coupling co-efficient, the magnitude of the circula- 
ting current and hence the power drawn from the inducing coil, and 
the self inductance of the energising coil changing. These changes 
result in changes in the quality factor and th^ ^^^°".5" 1 frequency 
of the tuned circuit, witir the quality factor Q = wh ere R is the 
combined effective resistance of th e coil winding and reflected load 

'^"^ •^g-PO^^g JL^5- .^^J^jli^^ ^ j-s the effective induc- 

tance when in operating position relative to the bond 16. At resonance, 
the voltage V^^ across the coil is in quadrature with the voltage Vg 
developed by the generator 22, and changes in the quality factor and 
resonant frequency of the tuned ciifcuit effect changes in phase angle 
of the coil voltage relative to th ■• generator voltage. 

Changes in phase angle are pre-calibrated against changes in 
temperature in the band 16, such that when the voltages Vg and Vq_- are 
compared in a' phase comporator circuit 24 there is on indication of 
the temperature of the band 16. An output from the circuit 24 con be 
compared with a reference in o comparative amplifier 26 to produce a 
signal for passing to an amplitude control input of the generotor 22 
and correspondingly controlling the induced current and the temperature 
of the band 16. It will be appreciated that in an apolication such asT . 

the time during which heating takes place at the fusion temperature ' O 
can be critical to production of an acceptable joint quality. The ' 1 
svstem has numerous advantages over the current welding oractice 

wo 8202593A1.L> * = p -1. « V. w J. , y " ^ ^ 
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This phose demodulation, technique also allows the circuit to 
sense that the band 16 is in position and of the correct material 
since absence of the band 16 will alter the resonant frequency and 
quality factor of the tuned circuit. 

The band 16 can be perforated, or several small bands inserted 
close together to give a labyrinth seal. The use of a material having 
a low Curie temperature and being non-corrosive is obviously benefici- 
al and there are a range of such alloy materials commercially avail- 
able. As on alternative, the band may be formed of a plastics mater- 
ial loaded with a material giving electrically conductive and magnetic 
properties. Further the band may be an integrol part of a pipe. 

In a modification as shown in Fig. 4 the change in permeability 
of the material results in a change in the voltage developed across 
the coil 18. The coil voltage Vq^ can then be related to the genera- 
tor voltage Vg in a divider circuit 28. Changes in voltage ratio are 
pre-calibrated against changes in temperature in the bond 16 such that, 
in operation the. changes, give- on indication of the temperature of^^the'^ 
band The output from the divider circuit 28 is compared with a 

reference in a comparative amplifier 30 and a differential signal 
provided which can be passed to the amplitude control input of the' 
generator 22 for control of the input voltage, the induced current, 
and therefore the heating of the band 16./ 

In a further modification the coil 18 can be provided in series 
with capacitor 20 in a tuned circuit and driven by a voltage generator- 

In a modified apparatus shown in Fig. 5, the drive voltage Vg 
is generated by a system including a self oscillating power amplifier 
32 controlled by a comporctor feedback loop which includes a phase 
shifting circuit 34, and which senses amplitude and/or phase relation- 
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ship ratios, and/or frequency of oscillation of Vg and Vq^ 

This configuration allows for a range of induction coils for ^ 
different work piece assemblies to be utilised with one generator 
without the need for the circuit operating frequency adjustment as 
the system is self tuning. 

The feedbocJc signal to the phase shifting circuit can be direct 
from Vg as shown or from additional turns on the inducing coil 18, 

The invention can also be utilised to sense the temperature of 
a moteriai whose resistivity varies with variation of temperature with- 
in the temperature range to be measured. Further, as an alternative to 
the voltage generator with the output ballast impedance, a constant 
current/constant power generator may be utilised in order to provide 
the high output impedonce. 

The drive voltage can be square wove or sine wave, os the qual- 
ity factor of the tuned circuit reduces the magnitude of the harmonics 
and any spurious high frequency components in the generator output. A 
degree of "self regulation" of the temperature of the band 16 is 
ochieved since a reduction in coil voltoge as the magnetic permeability 
reduces also reduces the v^^e induced in the band 16. 
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Clai ms 

1. A method of sensing temperature variations in a material 
characterised in that means ( 1 S) at a location remote from the 
material (16) is utilised to both induce an electric current in 
the material (16) and sense changes in a parameter of the material 
(16) which occur in accordance with the changes in temperature in 
the pcterial (16), said changes in the parameter, being processed 
so as to determine the temperature of the material (16). 

2. A method according to claim 1, characterised in that the 
inducing and sensing means (IS) is utilised to heat the material 
(16), and said changes in the parameter are compared with a 
reference so as to produce a differential signal after comparison 
for controlling the current being induced and thus the temperature 
of the material. 

3. A method according to claim 1 or 2, characterised by applying 
a generating voltage across a coil (18) which includes the electric 
current in the material (16), and comparing changes. in phase angle 
of the coil voltage, resulting form changes in the parameter, with 
the generating voltage. 

4. A method according to claim 1 or 2, characterised by applying 
a generating voltage across a coil (IS) which induces the electric 
current in the material (16), and comparing changes in the ratio 
of the coil voltage to the generating voltage resulting from 
changes in the parameter. 

5. A method according to any of claims 1 to 4 characterised 

by sensing chances in the magnetic permeability of the material. 

6» A method according to any of eloigns 1 to 4, characterised by 

sensinc chances in the resistivity of the -^.aterial, 
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7. A method of connecting plastic pipes together, characterised 
by locating an end portion of a first pipe (14) within an end 
portion (12) of a second pipe (10) and providing an annular part 
(16) formed of a material having electrically conductive and 
magnetic properties, and sensing temperature variations in the 
material of the annular part (16) in accordance with the method of 
the preceding claims • 

S. A method according to claiin 7 when dependent on claim 3 or 4 
wherein the coil (IS) is located around said end portion (12) of 
said second pipe (lO) coaxially with the annular part (16), 

Apparatus £or. sensing temperature variations . in . a mqteriql, 
characterised in that said, apparatus comprises means ( 1 S) at a 
location remote from the material (16) arranged to both induce 
an electric current in the material (16), and sense changes in 
a parameter of the material (l6) which occur in accordance with 
changes in temperature in the material (l6), and means (24, 2S) for 
processing said changes in the parameter so as to determine the 
temperature of the material (16), 

Apparatus according to claim 9 characterised in that the 
'"^^"s for inducing the electric current and sensing changes in 
the poranieter comprises a coil (18) in a tuned circuit , the 
quality factor and resonant frequency of which change in 
accordance with changes in the jnagnetic -permeability and/or 
resistivity of the material (l6). 

Apparatus according to claim 10 characterised in that the coil 
(13) is arranged in parallel with a capacitor (20) in the 
tuned circuit. 
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12. Apparatus according to claim 10, characterised in that the 
coil is arranged in series with a capacitor in the tuned circuit. 

Apparatus according to any of claims 10 to 12, characterised 
by a voltage generator (22), m eans for applying the generated volta ge 
across the coil (18), and means (26) for comparing c hanges in phas e 
angle of the coil voltage resulting from changes in the magnetic perm- . 
eofail ity and/or resistivity of the material ( 1 6) relative "to the gen er- 

l-i. Apparatus occording to any of claims 10 to 12, characterised 
• by a voltage generator (22), means for applying the generated voltage 
across the coil (IS), and means (30) for comparing changes in the 
ratio of the coil voltage, to the generating voltage resulting from 
changes in the magnetic permeability and/or resistivity of the material 
(16). 

15« An arrangement for connecting plastics pipes together, charact- 
erised in that said arrangement comprises apparatus for sensing temp— 
erature variations in the material according to any of claims 10 to 14, 
wherein the coil (18) is adapted to locate co-axially around the inten- 
ded joint between a pair of pipes (lO, 14). 
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. ... AMENDED CLAIMS 

(.received by the International Bureau on 28 June 1982 (28.06.82)) 



1 - 15 (cancelled) 

16. (new) A method of sensing temperature voriotio ns in a moterial 
charocterised in that means (18) ot o locotion remote from the mat- 
erial (16) is utilised to both heat the materiol (16) by inducing 
an electric heating current in the material (16) and to sense changes 
in a parameter of the moterial (16) which occur in accordance with 
the changes in temperature in the materiel (16), said changes in the 
parometer ore compared with a reference so as to produce a different- 
ial signal after comparison for controlling the current being induced 
and thus the temperature of the material. 

17. (new) A method occording to claim 16, choracterised by applying 
a generating voltoge across a coil (18) which induces the electric 
current in the .^terial (16), and comparing changes in phase angle 
of the coil voltage, resulting from changes in the parameter, with 
the generating voltage. 

18. (new) A method according to claim 16, characterised by applying 
o qeneratinq voltage across a coil (18) which induces the electric 
current in the .material (16), and comparing changes in the ratio of 
the coil voltage to the generating voltage resulting from changes in 
the parameter. 

'9.(nev) A method Occording tc cny of c.ai„, 16 to 18, choroct„i«d 
by sensing chono.s in th« resistivity of the material. 
2C.(ne») Apporotus f or sensing te»peroture voriotions in o „,t.rio l 
cScrocteri.ed in thct Tcid opporotus comprises ^(18) ct = Ipcotiln 



BNSDOCID: <WO_ 



8202593A1_I_> 



BAD ORIGINAL 



CM?I 



- 11 - 



remo te fr om the materiol (16) arranged to both heat the materiol 
by (in du^^ electric heating current in the material (16), and 

to sense changes in a parameter of the materiel (16) which occur 
in accordonce with changes in temperature in the inaterial (16), 
and means (24, 28) for comparing said changes in the parameter with 
o reference so as to produce a differential signal for controlling 
the current being induced and thus the temperature of the material 
(16). • 

21. (new) Apparatus occording to claim 20 characterised in that the 
eon^ for ^n duc^ ^ the dectric current and sensing changes in the 

porooeter comprises a coil (18) in a tuned circuit .' the quolity 
foctor ond resonant frequency of which change in accordonce with 
changes in the mognetic permeability and/or resistivity of the 
-noterial (16). . " 

22. (-iew) Apparatus according to claim 21 characterised in that the 
coil (18) is orron ged in porollel with a capacito r (20) in the tuned 
circuit. 

23. (new) Apporotus occording to cloim 21, charocterised in thot 
the call is orronged in series with a copacito r- in the tuned circuit, 

24. (new) Apporotus occording to any of claims 21 to 23, chorocterised 
by o voltage generator (22), meons for applying the generated voltage 
ccross the ceil (78), and meons (26) for comparing changes in phase 
cngle of the coil voltage resulting from changes in the magnetic perm- , 
eobility end/or resistivity of the moterial (16) relative +o the T ^ 

Se-erctor voltoge. ;' g 

g 

25. (new) Apparatus occording to any of clairas 21 to 23, chorecterised Q 
by o voltoge cen-erofor-. ( 22) , meons for cpplying the generated voltage 
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across the coil (18), ond means (30) for comparing changes in the 
ratio of the coil voltoge, to the generoting voltage resulting from 
changes in the magnetic permeability and/or resistivity of the 
raateriol (16). 
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